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 IntroductIon
Giant salvinia (Salvinia molesta) is among the worst inva-
sive aquatic weeds in the world (Holm et al. 1977) and has 
invaded aquatic habitats in numerous countries (Julien et 
al. 2002). Under ideal conditions giant salvinia can double 
its biomass within 2 (Cary and Weerts 1983) to 4 d (Gau-
det 1973, Mitchell and Tur 1975, Sale et al. 1985), clogging 
waterways with dense mats of vegetation. A single plant is 
capable of starting a population that may cover 103.6 km2 
(40 mi2) in 3 mo (Creagh 1991/1992 in Jacono and Pitman 
2001). Giant salvinia can out–compete native vegetation and 
if control measures are not implemented, will completely 
cover the water surface and form mats up to 1 m thick (Cre-
agh 1991/1992 in Oliver 1993). These mats deplete dissolved 
oxygen, make waterways uninhabitable by most fish species, 
impede boat traffic, reduce habitat for waterfowl, limit access 
for fishing and swimming and can interfere with water use 
for electrical generation, irrigation and municipal water sup-
plies (Julien et al. 2002).
Giant salvinia has been listed as a Federal Noxious Weed 
since 1984 (McFarland et al. 2004), and as such, it is ille-
gal to import into, or transport this plant within the United 
States. Giant salvinia also appears on many state noxious 
weed lists, including Mississippi’s (U.S. Department of Ag-
riculture 2009). However, if giant salvinia is not declared by 
a state as a noxious weed, it can still be cultivated and sold 
within that state. Despite regulations, this species continues 
to be moved through the water garden trade as an ornamen-
tal plant for backyard ponds. Escapes or releases from such 
areas may have resulted in its establishment in numerous 
southern states such as Florida, Louisiana, and Texas and in 
major waterways like the Colorado River (U.S. Geological 
Survey 2009). 
A population of giant salvinia was discovered in June 
2005 in the lower west Pascagoula River distributary and a 
major tributary, Bluff Creek, in Jackson County, Mississippi. 
At the first report of infestation, the Mississippi Department 
of Marine Resources (MDMR) conducted an initial survey of 
the watershed and determined that giant salvinia was restrict-
ed to areas on the western side of the river both north and 
south of Interstate 10 and was densest in backwater sloughs 
(Figure 1). Biologists from MDMR also concluded that the 
infestation had become too extensive (about 789 ha) to erad-
icate with herbicides or mechanical control methods, so Aus-
tralian salvinia weevils (Cyrtobagous salviniae) were chosen as 
a bio–control agent. The weevils were seeded in 3 locations 
on 18 August 2005 in an effort to establish a population that 
would ultimately hinder the spread. An outreach campaign, 
in the form of signs at boat ramps and other high–visibility 
areas, was also initiated to increase public awareness of giant 
salvinia and on measures to prevent its spread. Interviews 
of local residents by MDMR indicate that the source of the 
infestation was likely a direct release of the plant during a 
clean–out of a water garden pond. The densest area of infes-
tation was in a canal that drains a residential area just south 
of I–10.
Hurricane Katrina struck the Mississippi coast 29 August 
2005 causing a storm surge in the study area ranging from 
4.6–5.2 m (FEMA 2005). At the time, there was concern and 
speculation over the fate of the giant salvinia. Several hypoth-
eses were considered to have merit: 1) The storm surge may 
have beached much of the plant material on land, rendering 
the population small enough for control efforts; 2) the salin-
ity of the surge may have killed at least the downstream por-
tion of the infestation; 3) the plant may have been spread to 
new areas during the flooding; and 4) the growth and spread 
of remaining giant salvinia may be augmented by increased 
nutrient levels resulting from the flooding.
The objectives of this study were to: 1) survey the lower 
Pascagoula River Basin and determine the post–storm dis-
tribution and abundance of giant salvinia; 2) control any 
remaining giant salvinia through physical and/or chemical 
means; 3) determine the fate of the bio–control agents; and 
4) determine if re–introduction of salvinia weevils is needed 
and if so, to decide where best to release them.
MAterIAls And Methods
The study area consisted of about 483 km of navigable 
waterway of the lower Pascagoula River system from near the 
river mouth at Highway 90 to about 11.26 km north of Inter-




based on pre–Hurricane Katrina giant salvinia presence and 
was expanded well beyond known pre–storm distribution to 
determine if the invasive plant had infiltrated other water-
ways. 
Because all records were destroyed when Hurricane Ka-
trina flooded the MDMR offices, pre–storm giant salvinia 
distribution was approximated and was mapped based on 
the recollection of MDMR staff. Mapping surveys docu-
mented the presence or absence of giant salvinia and oth-
er aquatic invasive plants post Hurricane Katrina at about 
3,300 points over 37 field days between 1 May and 9 August 
2006. Monthly follow–up surveys have been conducted from 
September 2006 to the present to look for new infestations 
of giant salvinia. Bi–weekly surveys have been conducted to 
monitor giant salvinia growth and to spray and/or remove 
any remaining plants in previously identified areas. 
Initial mapping surveys were conducted using a 3 person 
crew. All crew members also served as invasive plant spotters 
to maximize detection probability. The speed of the survey 
boat was kept under 10 kph to facilitate 
observation of small fragments of gi-
ant salvinia. A data point was created 
every 300 m. At each point, a Magellan 
Mobile Mapper CE using ArcPad 6.0 
was used to record the presence or ab-
sence of giant salvinia and the presence 
of any other aquatic invasive plants. 
Surface water temperature and salinity 
were acquired using a YSI model 556 
multi–probe meter and manually en-
tered into the Mobile Mapper as meta-
data for each location. Digital photos 
were also taken of invasive plants when 
found. Survey crews also looked for the 
presence of salvinia weevils at each loca-
tion by examining the plants for signs 
of weevil damage to the leaves. In areas 
with relatively small, isolated infesta-
tions, the plants were removed from 
the water using a small screened net 
and secured for later disposal on land. 
At the end of each survey day, the boat 
was removed from the water and visu-
ally checked for invasive plant matter 
on the outside and inside of the boat 
to prevent introduction of invasives 
into other waters.
 Follow–up surveys were less regi-
mented and were performed by slowly 
cruising the area in a boat looking for 
areas with the plant. These surveys were 
combined with control spraying opera-
tions. A mixture of 1.5% glyphosate 
and 0.5% diquat was applied on the 
remnants left by the storm every 10–14 d through October 
2006, after which time no giant salvinia could be found. 
Monthly surveys of the formerly infested areas occasionally 
yielded small patches of giant salvinia from April 2007 to 
June 2008 in the canals north and south of I–10. These areas 
were treated by mechanical removal and/or herbicide appli-
cation as noted above. 
results
 The initial survey effort revealed that over 99% of the 
giant salvinia present prior to the storm was killed either by 
storm surge salinity or by being deposited on land. However, 
giant salvinia was found at 19 sites in 7 areas adjacent to the 
west Pascagoula River (Figure 1), totaling about 2 ha. Sur-
prisingly, the infestation had not spread substantially. Only 
a few sites were located outside of the original area of infes-
tation, and those were only a few meters from the original 
infestation. It was also surprising to learn that the surge did 
Figure 1. Area of the lower Pascagoula River, Jackson County, Mississippi surveyed for 
giant salvinia after Hurricane Katrina. The area encompassed by the white line is the pre-
storm infestation area. Black dots are survey points with no giant salvinia; white dots are 
areas where giant salvinia was found. White triangle (arrow) is Martin Bluff, where a 
population was found in June 2008.
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not push the infestation farther upriver. The highest salin-
ity where giant salvinia was found was 1.44, although Biber 
(2008) reported this species living in salinities of 7 in the 
lower Pascagoula River.
Two new or previously unknown populations of the plant 
were located during follow–up surveys. One population of 
mature tertiary–stage growth was well–hidden in a patch of 
thick torpedo grass (Panicum repens) in a private pond con-
nected to the river by a culvert; the other was in a stand of 
emergent aquatic vegetation in a puddle at the very end of a 
silted–in canal. These plants were treated and eliminated.
In June 2008, during a regular survey, a 46.45 m2 patch 
of rapidly reproducing young giant salvinia was found just 
north of Martin Bluff (Jackson County) adjacent to a large 
marshy area (Figure 1). No giant salvinia had been seen there 
since Hurricane Katrina. A few plants had been removed just 
south of this area in April 2006 and none were seen during 
subsequent surveys.
Although it was thought that all the giant salvinia had 
been eliminated as of summer 2009, more patches have ap-
peared, likely from hidden areas in the marsh that were not 
detected.  No salvinia weevils were found during any of the 
surveys. 
dIscussIon
An extensive river survey determined that the giant sal-
vinia population had been greatly reduced, rather than ex-
panded, as a result of Hurricane Katrina. The reduction was 
attributed to deposition on land and mortality caused by 
exposure to salinity (see Biber 2008) during the storm surge. 
Evidence was found during the survey which may explain 
one way giant salvinia survived the storm surge. As water 
rose during Hurricane Katrina, giant salvinia was trapped 
in the framing of boat houses, which became completely 
submerged during the storm surge (Figure 2). As the water 
receded some of the giant salvinia likely fell from the framing 
and re–infested the area. 
After three years, there is still no evidence that any sal-
vinia weevils survived Hurricane Katrina. With most known 
infestations eliminated, weevil re–introduction is not practi-
cal, or advisable. The salvinia weevils would not have enough 
plant material to be sustained, and the giant salvinia they 
arrived on could cause a new outbreak.
Mississippi Department of Marine Resources will contin-
ue conducting monthly boat and quarterly aerial surveys to 
look for new infestations and will survey the affected areas 
every 2 weeks. They will also continue public outreach efforts 
such as signs at boat ramps and brochures at fishing camps, 
Figure 2. Giant salvinia draped on rafters of a boat house along the Pascagoula River in the study area nearly a 
year after Hurricane Katrina.
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particularly in areas with close proximity to the infestations.
The timing of this study was fortuitous as the remaining 
2 ha of infestation could have easily exceeded the original 
769 ha had no action been taken. The state was only able 
to respond because of the funding obtained for this study. 
Without a quick response, the infestation would have gotten 
out of control and become too large to manage. The small 
area of infestation was key in being able to effectively manage 
this population of giant salvinia. From the discovery in June 
2005 until October 2009, MDMR estimates expenditures 
of over $256,000 on equipment, personnel, herbicides, and 
fuel and 2,110 person–hours to combat the invasion.
Eradication of giant salvinia in all but small enclosed bod-
ies of water has been deemed to be very unlikely, and even 
then will likely take years (McFarland et al. 2004). Given the 
size of the lower Pascagoula River, the complexity of its chan-
nels and emergent vegetation, and the fact that another pop-
ulation of giant salvinia exists 235 km up–river in the Lower 
Leaf River (Robles et al. 2008), eradication seems unlikely in 
this area. However, because Hurricane Katrina reduced the 
population down to a manageable level, it appears that the 
state may be able to keep population levels low enough to 
control them in this area. 
lIterAture cIted
AcknowledgeMents
We would like to thank R. Flores and G. Larson for their help with field work. Aerial photographs used 
in the map were provided by the Mississippi Geospatial Clearing House. We are grateful to A. Benson 
for creating the map presented in the publication. Use of trade, product or firm names is for descriptive 
purposes only and does not imply endorsement by the U.S. Government. Funding provided by United 
States Geological Survey, Office of the Eastern Regional Executive for Biology, FY 2006 State Partnership 
Program.
Biber, P.D. 2008. Determining salinity–tolerance of giant salvinia 
using chlorophyll fluorescence. Gulf and Caribbean Research 
21:1–6.
Cary, P.R. and P.G.J. Weerts. 1983. Growth of Salvinia molesta 
as affected by water temperature and nutrition. I. Effects 
of nitrogen level and nitrogen compounds. Aquatic Botany 
16:163–172.
Creagh, C. 1991/1992. A marauding weed in check. Ecos 
70:26–29.
FEMA. 2005. Mississippi Hurricane Katrina surge inunda-
tion and advisory base flood elevation map panel overview. 
http://www.fema.gov/pdf/hazard/f lood/recoverydata/ 
ms_overview.pdf (viewed on 10/19/2009).
Gaudet, J.J. 1973. Growth of a floating aquatic weed, Salvinia, 
under standard conditions. Hydrobiologia 41:77–106.
Holm, L.G., D.L. Plucknett, J.V. Pancho, and J.P. Herberger. 
1977. The World’s Worst Weeds. University Press of Hawaii, 
Honolulu, HI, USA, 609 p.
Jacono, C. and B. Pitman. 2001. Salvinia molesta: Around the 
world in 70 years. Aquatic Nuisance Species Digest 4:14–16.
Julien, M.H., T.D. Center, and P.W. Tipping. 2002. Floating 
Fern (Salvinia). In: R.V. Van Driesche, S. Lyon, B. Blossey, M. 
Hoddle, and R. Reardon, technical coordinators. Biological 
Control of Invasive Plants in the Eastern United States. Pub-
lication FHTET–2002–04, USDA Forest Service, Morgan-
town, WV, USA. 413 p.
McFarland, D.G., L.S. Nelson, M.J. Grodowitz, R.M. Smart, 
and C.S. Owens. 2004. Salvinia molesta D.S. Mitchell (Giant 
Salvinia) in the United States: A Review of Species Ecology 
and Approaches to Management. Technical Report DRDC/
EL SR-0402. U.S. Army Corps of Engineers, Engineer Re-
search and Development Center, Environmental Laboratory, 
Vicksburg, MS, USA. 41 p. 
Mitchell, D.S. and N.M. Tur. 1975. The rate of growth of Salvinia 
molesta [S. auriculata Auct.] in laboratory and natural condi-
tions. Journal of Applied Ecology 12:213–225.
Oliver, J.D. 1993. A review of the biology of giant salvinia (Sal-
vinia molesta Mitchell). Journal of Aquatic Plant Management 
31:227–231.
Robles, W., J.D. Madsen, V.L. Maddox, and R.M. Wersal. 2008. 
2007 statewide survey of the status of giant salvinia and hy-
drilla in Mississippi. GeoReferences Institute Report #5019. 
Technical Report. Mississippi Bureau of Plant Industry, 
GeoReferences Institute and Department of Plant and Soil 
Sciences. Mississippi State University, Mississippi State, MS, 
USA. 11 p. Available from: http://www.gri.msstate.edu/pub-
lications/docs/2008/02/3739GRI_5019_2008.pdf (viewed 
on 11/30/2009).
Sale, P.J.M., P.T. Orr, G.S. Shell, and D.J.C. Erskine. 1985. Pho-
tosynthesis and growth rates in Salvinia molesta and Eichhornia 
crassipes. Journal of Applied Ecology 22:125–137.
U.S. Department of Agriculture. 2009. Mississippi State-listed 
noxious weeds. PLANTS database. http://plants.usda.
gov/java/noxious?rptType=State&statefips=28 (viewed on 
10/19/2009).
U.S. Geological Survey. 2009. Nonindigenous Aquatic Species 
Database. Gainesville, FL. http://nas.er.usgs.gov. (viewed on 
8/15/2009) 
